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1. Introduction 
Phenylglyoxal, glyoxal and methylglyoxal have 
been used to modify specifically, arginine residues in 
proteins [l-3]. Cheung and Fonda [4] have studied 
the effect of buffer and pH on the reaction of phenyl- 
glyoxal and methylglyoxal with free arginine and 
have found that the reaction rate, much faster with 
methylglyoxal than with phenylglyoxal, depends on 
the buffer type and increases by increasing the pH. 
Data on the inactivation mechanism of aldolase and 
glyceraldehyde-3-phosphate d hydrogenase by methyl- 
glyoxal have shown that one arginine residue is involved 
in the interaction of the enzyme with the ketoalde- 
hyde [S ,6].Since all glycolytic enzymes,except riose- 
phosphate isomerase, contain essential arginine resi- 
dues [7-l 11, it seemed worthwhile to compare the 
effect of methylglyoxal on the enzymes of the glyco- 
lytic pathway. 
2. Materials and methods 
Substrates, enzymes and coenzymes were pur- 
chased from either Sigma or Boehringer Mannheim . 
Methylglyoxal (Fluka) freshly distilled and phenyl- 
glyoxal (Sigma), prepared every time before use were 
tested according to [ 121 and [ 131, respectively. Lactatt 
dehydrogenase (EC 1 .l .1.27) from rabbit muscle was 
assayed in the presence of 50 mM phosphate buffer 
(pH 7 .O), 3 .O mM pyruvate and 0.2 mM NADH; alco- 
hol dehydrogenase (EC 1 .l .l .l) and hexokinase (EC 
2.7.1.1) from yeast were tested according to [14] and 
[ 151, respectively. Phosphoglyceromutase (EC 2.7.5.3), 
enolase (EC 4.2.1.1 l), pyruvate kinase (EC 2.7.1.40), 
all from rabbit muscle and phosphoglycerate kinase 
(EC 2.7.2.3) from yeast were assayed following the 
procedure in [ 161. Glucosephosphate isomerase (EC 
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5.3 .1.9) from yeast was tested according to the proce- 
dure in [ 171. Fructose 1,6 PZ aldolase (EC 4 .1.2 .13) 
from rabbit muscle, triosephosphate isomerase 
(EC 5.3 .l .I) from yeast and phosphofructokinase 
(EC 2.7 .l .I 1) from rabbit muscle were assayed accord- 
ing to [ 181, [ 193 and [20], respectively. Glyceral- 
dehyde3-phosphate dehydrogenase (EC 1.2.1.12) 
from rabbit muscle was tested in 50 mM pyrophos- 
phate buffer (pH 8.5), 2.5 mM EDTA, 7.5 mM sodium 
arsenate, 0.5 mM NAD and 0.5 mM D-glyceraldehyde- 
3-phosphate. The inactivation experiments were car- 
ried out at 30°C with 2.5 mM methylglyoxal or 
phenylglyoxal in the presence of 50 mM veronal 
(pH 7.6) if not otherwise indicated. 
3. Results and discussion 
Kinetic studies carried out on alcohol dehydrogen- 
ase, lactate dehydrogenase, hexokinase, glucosephos- 
phate isomerase, triosephosphate isomerase, pyruvate 
kinase and enolase have shown tliat methylglyoxal 
does not modify these enzymes: no loss of activity 
was observed when the enzyme was incubated with 
2.5 mM methylglyoxal for 1 h at 30°C.. The other 
glycolytic enzymes have been variously affected by 
methylglyoxal treatment, with half inactivation time 
ranging from 49.4 min for phosphofructokinase to 
2.7 min for fructose 1,6 PZ aldolase. Data reported in 
table 1 have shown the high specifity of methylglyoxal 
for aldolase, which is rapidly inactivated also at very 
low concentrations of inhibitors [5]. Comparing the 
effect of methylglyoxal and phenylglyoxal it has been 
demonstrated that aldolase and glyceraldehyde3- 
phosphate dehydrogenase are more rapidly inactivated 
by the former than by the latter. An opposite behav- 
iour was observed for phosphoglyceromutase, phos- 
phoglycerate kinase and phosphofructokinase (table 2). 
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Table 1 Table 2 
Effect of me~y~4oxal and pheny~lyox~ on the inactiva- 
tion rate of glycolytic enzymes 
Enzyme 7 (mm) 
7 (min) 
Fructose 1,6 P, aldolase 2.1 
Gly~ra~ehyde-3~ho~hate dehy~ogenase 19.8 
Phospho~ceromutas~ 20.0 
Phosphoglycerate kmase 48.0 
Phosphofructokinase 49.4 
Methyl- 
giyoxal 
Phenyl- 
glyoxal 
Enzymes were incubated at 30°C with 25 mM methylglyoxal 
in 50 mM veronal buffer (PH 7.6); except phosphofructo- 
kinase incubated in 50 mM phosphate buffer @H 7.6). Enzy- 
matic activities were always compared to controls subjected 
to the same treatment in absence of methy~lyox~. Data are 
expressed as half-inactivation time (T), calculated from the 
inactivation constants 
Fructose 1,6 P, aidolase 
Glyceraldehyde-3phosphate 
dehydrogenase 
Phosphoglyceromutase 
Phosphoglycerate kinase 
Pho~hofru~okinas~ 
2.7 11.9 
19.8 91.0 
20.0 4.7 
48.0 11.0 
49 A 4.8 
Experiments were carried out in 2.5 mM methylglyoxal or 
phenylglyoxal as in table 1 
The chemical structures of these ketoaldehydes could 
explain the different behaviour observed. Moreover 
phenylglyoxal is a chemical reagent and methylglyoxal 
can be considered acompound present in biological 
material [21], strictly related to the triose phosphate 
breakdown [22-271. 
The work has been supported by grants from the 
Consigho Nazionale delle Richerche of Italy. 
References 
[l] Takahashi, K. (1968) J. BioLChem. 243,6171-6179. 
[2] Takahashi, K. (1977) J. Biochem. 81,395-402. 
[3f Takahashi,K.(1977) J.Biochem.81,403-414. 
[4] Cbeu~,S.T.andFooda,M.L.(1979) Biochem.Bio- 
phys. Res. Commun. 90,940-947. 
[S ] Leon&i, G., Ronchi, S., Maresca, M , and Bonsignore, 
A. (1980) submitted. 
[lo] Nagradova,N. K. and Asryants, R. A. (1975) Biochim. 
Biophys. Acta 386,365-368. 
[ 111 Riordan, J. F., McElvany, K. D. and Borders, C. L. jr 
(1977) Science 195,884-886. 
[12] Racker,E.(1951)J.Biol.Chem. 190,685-696. 
[13] Aryama,N. (1928) J.Biol.Chem.77,359. 
1141 Bonnichsen, R. (1965) Methods of Enzymatic Analysis 
(Bergmeyer, H. U. ed) pp. 285-287 ,VerlagChemie/ 
Academic Press, We~he~/New York. 
[ 151 Slein,M. W. (1965) Methodsof Enzymatic Analysis 
(Bergmeyer,H.U.ed)pp. 117-123,VerlagChemief 
Academic Press, Weinheim/New York. 
[16] Czok, R. and Eckert, L. (1965) Methodsof Enzymatic 
An~y~(Bergmey~,H.U.~)pp.224-233,Ver~g- 
Chemie/A~ademic Press, We~he~/New York. 
[17] Slein, M. W. (1955) Methods Enzymol. 1,304-306. 
[18] Racker,E.(1947) J.Biol.Chem. 167,843-854. 
[ 191 Beisenherz, G. (1955) Methods Enzymol. 1,387-391. 
[20] Ling,K.H.,Paetkan,V.,Marcus,F.andLa.rdy,H.A. 
(1966) Methods Enzymol. 9,425-429. 
[21] Fodor, G., Mujumdar, R, and Szent-Gyorgyi, A. (1978) 
Proc. Natl. Acad. Sci. USA 75,4317-4319. 
1221 Cooper, R. A.and Anderson,A. (1970) FEBS Lett. 11, 
273-276. 
[ 61 Leoncini, G., Maresca, M., Ron&i, S. and Bonsignore, 
A. (1980) submitted. 
[7] Lan~,L.G.,III,Riord~,J.F.andVaBee,B.L.(1974~ 
Bio~ern~~y, 13,4361-4370. 
[S] Lobb,R.R.,Stokes,A.M.,H~,H.A.O.andRiordan, 
J. F. (1975) FEBS Lett. 54,70-72. 
[9] Yang, P. C. and Schewert, G. W. (1972) Biochemistry 
11,2218-2224. 
1231 Bonsignore, A., Leoncini,G., Siri, A. and Ricci, D. 
(1973) Ital. J. Biochem. 22,131-140. 
[24] Healy,M. J.andChristen,P. (1973) Biochemistry 12, 
35-41. 
[ 251 Christen, P,, Cogoli-Greuter, M., Healy, M. J. and 
Lubini, D. (1976) Eur. I. Biochem. 63,223-231. 
[26] Grazi,E. and Trombetta,G. (1978) Biochem. J. 175, 
361-365. 
[27] Patthy,L. (1978) Eur. J. Biochem. 88,191-196. 
18 
